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Section 1: Introduction
The equilibrium marriage market model of Becker (1973 Becker ( , 1981 and Grossbard (1984 Grossbard ( , 1993 predicts that a larger share of the gains from marriage will go to women if women are present in the marriage market in smaller numbers than men. Similarly, the cooperative bargaining models of Manser and Brown (1980) and McElroy and Horney (1981) also focus attention on the sex ratio of men to women of marriageable age predicting that the sex ratio will affect the veracity of one's threat to divorce. It has been difficult to test this hypothesized relationship between the local sex ratio and the women's bargaining power within marriage since the distribution of martial assets is difficult to observe. In addition, under normal circumstances there is little variation in sex ratios across time or communities. There is, however, a growing empirical literature using regional/time variations in sex ratios and natural experiments that have created variation in the sex ratio to test the effect of the sex ratio on purported outcomes of women's bargaining power in marriage. 1 We add to this empirical literature by exploiting a natural experiment to explore the effect of a very large deviation from normal sex ratios on the island of Taiwan on the share of the couple's leisure time enjoyed by the wife and the husband. Having both a large deviation and one that comes from an exogenous source provides us with ideal conditions to observe the effect of uneven sex ratios on the division of the marital surplus. In addition, we argue that the share of the couple's time spent in work or leisure is a much more direct test of women's bargaining power within the household than the other studies have used.
Using data from the Taiwan Time Use Surveys 1987 Surveys , 1990 , and 1994, we find that the county-level effective sex ratio in Taiwan at the time when young men are 20 years old has a robust negative effect on their share of leisure time and a positive effect on their share of total work (employment hours and housework time) within their marriage. The sex ratios are carefully constructed to include Mainland soldiers as well as native Taiwanese civilians (and soldiers), but are broad-based in terms of ages of men and women included so as to be agnostic about the age of marriage. We argue that these broad-based sex ratios are preferable to those based on narrower age ranges since the age gap between men and women marriage partners is also a choice. In fact, we test the effect of the sex ratio on the age gap of married couples in Taiwan and find a significant positive relationship between the age gap and the sex ratio, providing further evidence the men and women respond to the tight marriage market in ways predicted by the economic marriage model. That age gaps change endogenously as a result of the tight marriage market suggests that narrower sex ratios calculated using fixed age gaps used by many of the papers in this literature are ignoring a potential source of reverse causality. The large changes in the sex ratio as a result of a large migration which are clearly exogenous to the marriage market in the Taiwanese case may be better suited for testing truly exogenous sex ratio effects. 2 The rest of the paper proceeds as follows: Section 2 reviews the theoretical role sex ratios play in bargaining within marriage and presents hypotheses for the effect of sex ratios on time use within couples based on these theories. Section 3 provides background on the circumstances leading to the large sex ratios changes in Taiwan and a literature review summarizing papers in 2 While the migration from mainland China to Taiwan was clearly exogenous it is possible that after the Mainland Chinese soldiers were freed to married that they migrated across counties within the island partly in response to local sex ratios. We test for this possibility later in the paper by using a two stage IV estimation of the county-level sex ratios.
3 two literatures, the consequences of sex ratio variation on women's bargaining position and the time use literature on intra-couple allocation of time. Section 4 introduces the data and empirical models. Section 5 reports the empirical results. Section 6 offers a variety of robustness checks of the results. We conclude in section 7.
Section 2: The Role of the Sex Ratio in Economic Models of Marriage
Gary Becker's work on the economics of marriage revolutionized the way social scientists look at marriage. In his "Theory of Marriage, Part I" (1973) , Becker applied simple supply and demand analysis to describe equilibrium in the marriage market.
3 Men and women (homogeneous within genders in the first blush model) consider the choice to marry or stay single. If they stay single, they retain all of their single output. If they marry they divide up the joint marital output which is expected to higher than the sum of their single outputs due to gains from marriage. When all men are the same and all women are the same, the percent of the marital output men receive (women receiving the remaining share) depends on the relative number of men to women, that is, the sex ratio. If there are more identical men than identical women, women get a larger share of the joint marital output and men receive just enough to make them indifferent between marrying or not. Even when the assumption of homogeneous men and women is removed, the sex ratio remains a key variable. Once everyone is not the same, the sex ratio is shown to affect the percent of the population who marry as well as the equilibrium marriage share.
Becker's equilibrium model is often contrasted with bargaining models which predict that the gains from marriage will go to the member of the couple with the stronger bargaining position.
In the cooperative bargaining models of Manser and Brown (1980) et al (1994) and Chiappori et al (2002) , often proposed as a compromise between Becker's equilibrium approach and the bargaining model approach, the sex ratio is one of the "distribution factors" that shifts the household sharing rule toward the relatively scarcer sex. As such, the collective model of household bargaining also predicts that a higher sex ratio will lead to a greater share of the marital assets going to the wife.
Sex Ratios' Predicted Effect on Time Use and Age at Marriage
The relative time use of a husband and wife within a marriage is a particularly good window through which to observe power relationships within a couple. Time use patterns are something that are negotiated by the couple, yet they have a strong habit component so that agreements negotiated at the time of marriage will still be evident years later (Schober 2013). Time use hypotheses consistent with all three economic models reviewed above are that the member of the couple with more power in the marriage market will spend more of his or her time in inherently pleasant pursuits and less of his or her time in inherently unpleasant pursuits. A number of previous studies have looked at time use within a couple and power although in those studies power is proxied by relative wage rates rather than local sex ratios. Housework time has been the focus of most of the studies in this area because of a sense that housework falls into the 5 category of time that is inherently unpleasant. 4 However, new data on time specific
contemporaneous subject well-being shows that employment is viewed as equally unpleasant as housework by both men and women (Connelly and Kimmel 2014) . For this and the following reason, housework share is not our preferred margin on which to measure women's power within their marriage in Taiwan in the 1980s and 90s.
In Taiwan during the period captured by the married couples around 1990, gender roles were quite segregated and married women's labor force participation rates were low. In the analytic sample used for the empirical analysis below, 49 percent of the women were employed during the previous week, but that number would have been even lower when many of the marriages captured in the time use data were begun. In 1978, the earliest year with available data in Taiwan, the women's labor force participation rate was 38 percent. 5 Because of the low rate of women's labor force participation and the connected high rate of full-time homemaking, we do not expect higher bargaining power in the marriage market would necessarily lead to a lower share of housework time. In fact, both Angrist (2002) and Tsai (2011) show that high sex ratios lead to lower rates of labor force participation which may result in a higher share of housework.
Thus, instead of the share of housework time, we focus on the share of "total work" which has been argued by Burda, Hamermesh, and Weil (2013) to be the margin of couples' equity concerns. Burda, Hamermesh and Weil (2013) hypothesize that married men and women calibrate their total work load with each other leading to what the authors call "isowork", that is equal work.
They show that in a host of different countries married men and women in the same education 6 groups have very similar levels of total work, but that the level of work differs substantially across countries and within countries across education categories. Connelly and Kimmel (2014) question the empirical equality of total work using time diary surveys for men and women in the U.S. separated by household type (married with children, young married without children, older married without children, single without children and single with children). Within each category they show that women have greater hours of total work than men. Still they find that the gaps in total work are substantially smaller than the gaps in housework. Thus, we predict that men and women in Taiwan considering marriage during the study period were more likely to be negotiating over total work than housework specifically. Those men who married during the period of heightened sex ratios are predicted to do a larger share of the total work of the couple than men marrying in periods with normal sex ratios. In the same vein we hypothesize that heightened sex ratios at the time of life-course decision making will lead to men having a lower share of the couples' leisure. Maintenance time, that is, time needed to maintain oneself, sleeping, personal grooming and eating, is predicted to be unaffected by the effective sex ratio since that time use involves very little choice.
While sex ratios of a given population can be thought of as exogenous to the participants in a given marriage market, participants can theoretically make some changes in order to be more attractive in any given marriage market. In some cases, marriage-age men or women could relocate for the purpose on improving their marriage chances. For example, high school seniors in the U.S. might consider the sex ratios at the various colleges as one of the criteria they use to choose among colleges. It is harder to think about a more settled population experiencing substantial migration solely to move to a more advantageous marriage market. Easier to imagine is men in a tight marriage market trying to improve their rankings among the group of men 7 currently in the market for wives. Chang and Zhang (2015) provide strong evidence of Taiwanese men increasing their level of entrepreneurship in light of the high sex ratios of the 1960s marriage market. considers the effect of sex ratios on education choices of young men and women in China for a similar reason and finds evidence that high sex ratios leading to higher levels of male premarital investments in education.
In this paper we consider an alternative strategy men may use to distinguish themselves among their competitors, that is, by courting younger women. Porter (2014) While we expect that men can affect their competitiveness in the marriage model somewhat via premarital investments, all men in the market have similar incentives. This problem is well known in the animal world where natural selection on traits that increase competitiveness in mating leads to a general "raising of the bar" phenomenon, which ultimately results in peacock tails too heavy to carry or walrus tusks too large to use effectively (Frank 2011) . In terms of the 8 analysis of time use shares within couples, this general equilibrium view of the sex ratios leads to the prediction that sex ratio effects cannot be completely escaped. We hypothesize that though college educated and non-college educated men (and women) compete for mates in largely separate marriage markets, the effect of general population-wide sex ratios will have significant effects on women's bargaining power in both markets.
Section 3: Background and Literature Review
Historical Background of Sex Ratios in Taiwan
After the Chinese Nationalist Party (also known as Various studies suggest that the number of civil war immigrants ranges between 0.6 and 1.25 million, while Taiwan's local population was then only 6 million (Barclay 1954; Jacoby 1967; Ho 1978; Chen and Yeh 1982; Liu 1986; Lin 2002) . Among the immigrants, the soldiers who were mostly single males in their early twenties were estimated to have exceeded half a million.
It is thus not surprising that the composition of the immigrants was highly male-biased. Francis (2011) suggests that among the immigrants, men outnumbered women by a factor of 4 to 1, leading to a significant and sudden rise in the sex ratio in Taiwan.
To further complicate the relevant sex ratio in the marriage market, Kuomintang soldiers
were not allowed to marry in the 1950s. (Lin 2002) Taiwan.
In the mid-1950s, the Kuomintang began to conscript young Taiwanese men to replace aging immigrant soldiers. In principle, conscripted Taiwanese men were also subject to the marriage ban. However, unlike their immigrant counterparts, Taiwanese soldiers generally served only for two or three years and remained socially connected to their communities outside the military. As such we hypothesize that the ban was less binding on them.
The entrance of the Mainland Chinese men into the marriage market produced large changes in the sex ratio. Figure 1 shows the imputed prime-age (age 15-49) marriage eligible sex ratio based on the decennial population census, which included the whole population of both civilians and soldiers. Panel A shows that the group of Mainland Chinese immigrants was highly malebiased. All the sex ratios are substantially above one. Some of them are even as high as two.
In addition, there is also time variation in their sex ratios, suggesting that some of the Mainland Chinese may have migrated across county borders within Taiwan. 9 This observation leads to a concern that the county-level sex ratios could be endogenous if, for example, a single
Mainland Chinese man finding it difficult to find a wife in county A where the sex ratio is high decides to move to county B where the sex ratio is lower. However, since the Mainland Chinese men competed with the native Taiwanese men for the native Taiwanese women, if migration were caused by the sex ratio, then we would expect single native Taiwanese men would also have migrated for marriage purposes. Panel B does not support this hypothesis. On the contrary, the sex ratios among the native Taiwanese were quite balanced and stable across counties and time. The graphical evidence suggests that the migration of the Mainland Chinese men is unlikely to have been motivated by marriage competition. Despite this, we also employ an instrumental variable approach as a robustness test to mitigate concerns about the potential for marriage market correlated internal migration.
3.2: Literature Review on Sex Ratios and Decision Making in Marriage
This paper contributes to two literatures that have thus far remained fairly separate: the literature on sex ratio effects on women's bargaining position within marriage and the literature on intra-couple time use and bargaining power. Both literatures are large. Here we highlight only those contributions to each literature that are particularly relevant to our analysis.
3.2.a: Empirical Effects of the Sex Ratio on Proxies of Women's Empowerment Within Marriage
We have organized this section by the proxy variable used to represent women's empowerment within marriage or her share of the marital surplus. The reader will observe that many dependent variables have been considered including labor force participation rates, the quality of the marital relationship, marriage, divorce and fertility rates, consumption levels of husbands, wives and children. How these proxies are affected by the sex ratio depends on what is valued by men and women. Thus, each choice of dependent variable requires additional assumptions such as less labor force participation is preferred to more, women prefer to spend more money on children's needs than men, women prefer to have more children than men etc.
One problem is that these preferences may differ from one culture to another.
Labor Force Participation:
Angrist (2002) women's labor force participation. They also find that higher cohort sex ratios lower women's labor force participation. Using Taiwanese data, Tsai (2011) uses the sex ratio among the Taiwanese immigrants as an instrumental variable for the sex ratio of the post-war cohort. She too finds that a higher sex ratio lowers women's labor force participation.
Relationship Quality: Harknett (2008) uses the Fragile Family data to consider the effect of sex ratios on various measures of relationship quality. A higher sex ratio is correlated with fathers being more likely to visit the mother in the hospital after the birth, higher scores on mutual supportiveness measures and lower scores on within couple conflict measures.
Housework Share: use the Chinese Health and Nutrition Survey data to estimate the effect of province-level sex ratios on Mainland Chinese husbands' housework time.
They find that a 10 percent increase in the sex ratio reduces the gender gap in household chores by 13 percent.
Individual Consumption: Porter (2014) uses the Chinese Health and Nutrition Survey with a more complicated algorithm for estimating the appropriate sex ratio for each man or woman in the sample than . Dependent variables include the alcohol and tobacco consumption of men, boys' and girls' heights and weights, and husbands' and wives' age at marriage. She finds robust effects of the sex ratio on boys' weight and on husbands alcohol and tobacco consumption. She argues that mothers with more bargaining power use their increased power to increase the well-being of their sons whom they expect to care for them in their old age.
Francis (2011) exploiting the same natural experiment used in this paper of the large exogenous change in the sex ratio in Taiwan, considers the effect of the unequal sex ratios on the ratio of bride price to dowry and a set of children outcomes such as the fraction of female children and children's educational attainment. He finds that higher sex ratios increase the bride price to dowry and reduce the sex ratio of children.
Fertility Rates: Francis (2011) also considers the effect of Taiwanese sex ratios on number of children ever born. Higher sex ratios are correlated with lower fertility rates. Edlund, Liu and Liu (2013) also uses Taiwanese data, but from a more recent era than Francis (2011) or this paper. Their analysis considers the effect of foreign brides on the bargaining position of Taiwanese women. Foreign brides lower the effective sex ratio and are thus expected to lower women's bargaining power in the marriage market. They find that an increase in the number of foreign brides increases fertility rates.
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Marriage and Divorce Rates: Edlund, Liu and Liu (2013) also analyzed the effect of effect of the sex ratio on divorce rates. They found that an increase in the number of foreign brides in Taiwan reduces divorce rates. Earlier, Angrist (2002) found that women who live in ethnic communities in the U.S. with high sex ratios are more likely to be married. Harknett (2008) also working with U.S. data finds that fathers in locations with higher sex ratios were more likely to marry the mother of their child. Tsai (2011) using Taiwanese data finds that a higher sex ratio increases women's marriage rate. This relationship also can be seen clearly in Figure 2 above.
3.2.b: Previous Time Diary Studies Exploring Bargaining Power within the Household
As discussed above, most of the early work on time use and women's empowerment focused on housework and used relative income or wages as the measure of power within the household.
For example, Hersch and Stratton (1994) Again, no significant effect of relative wages on time use is found. Gupta and Stratton (2010) argue that housework may not be the right place to look for power differentials between spouses and that relative wages may not be the right measure of power.
Housework, they argue, has the disadvantage that it produces public goods which women may have higher preference for than men, while leisure is more intimately connected to individual utility gains. Instead they find more hypothesis-consistent results using relative education measures as the power proxy and leisure time as the marginal minutes being adjusted. They find that women with higher levels of education compared to their spouses enjoy more leisure time especially on non-work days.
Relative education, annual income share, or relative wages are each seeking to capture the financial bargaining power of the individual man and woman who have already married. But the economic marriage models outlined above make a case for considering marriage market sources of bargaining power that are common to all men and women contemplating marriage at a particular time. The sex ratio at the time men and women are contemplating marriage is predicted to exert an independent effect on bargaining power. Using the Taiwanese data which captures very large variation in sex ratios we test the effect of sex ratio on three broad time-use categories described in more detail below: maintenance time, total work time, and leisure time.
The analysis of leisure time provides a direct test of the Gupta and Stratton (2010) 
Equation 1 is used to test the hypothesis that increased sex ratio, the number of men per woman, in county j when the husband who was born in year t was age 20, R jt , increases (deceases) the share of total work done by the husband (wife) and decreases (increases) the share of leisure time enjoyed by the husband (wife Leisure time is the residual after having accounted for maintenance time and total work time.
Most leisure activities are non-transferable consumption activities, such as taking a walk or reading a book. Some may have an investment component like reading a book that will contribute to one's labor market competitiveness and others may have an utility producing outcome, like a nice garden or a set of new curtains, but mostly they are activities engaged in because we enjoying spending the time in that way. Connelly and Kimmel (2015) show that the average leisure activity is considered unpleasant much less often than the average housework or employment activity.
The key independent variable, , the effective sex ratio at county level when the husband was 20 years of age, is partly imputed. In Taiwan, the official population data are collected through a civilian household registration system. However, prior to 1969, the number of active military personnel was treated as a state secret and excluded from the civilian registration system, unless they got married (Lin 2002) . In November 1968, this exclusion was changed by an executive order that required all military personnel to be registered in the civilian system. This means that until 1969, the immigrant soldiers did not show up in official population data. Consequently, the raw sex ratio calculated from official population data prior to 1969 is underestimated. To correct the bias of the raw sex ratio before 1969, we impute the effective sex ratios that better reflect the intensity of competition in the marriage market. In particular, we adopt the imputation method proposed by Chang (2013) .We exclude the immigrant soldiers in the calculation of the effective sex ratios before 1960 because they were effectively subject to the MMO. However, the Taiwanese soldiers are still included in the effective sex ratio, because of their short duration of service and strong social ties, even though they were also subject to the MMO. We evaluate the county-level effective sex ratio when the husband was age 20 presumably just beginning to contemplate marriage. We choose this early age to allow for the effects of sex ratios on premarital investments. The sex ratio at 20 is predicted to affect both premarital investments and ultimately the bargaining position of men in the marriage market. In the sample, husbands reached age 20 during . As a robustness check, we also use age 23.
The effective sex ratio is defined as the number of men per woman among the cohort of marriageable age 15-49. To allow for age gap between husband and wife, we also use men of age 20-49 versus women of age 15-44 as a robustness check. Due to lack of data on residence history, we use current residence as proxy for residence at age 20 or 23.
While the data is well suited to considering couples' time use shares as it includes time diaries for both the husband and wife in the same couple, the data is limited in terms of additional covariates. We do not have information on number of children at home or the age of marriage.
We do have information on current age, employment status, and educational attainment which we include in broad categories of no schooling, primary, junior high school, senior high school and college. More specifically, in equation (1) is a vector of individual attributes including age, age squared, education dummies and a dummy indicating if the respondent was working last week, a dummy indicating a non-rainy day and a dummy indicating weekend when the time diary was collected, two dummies indicating the year that the survey was collected, and 10-year birth cohort dummies. We also included a set of county-level fixed effects, j , to control for county-specific factors, such as the presence of a military base, industrial structures, or resource endowment. is the assumed iid error term.
Equation 2 is the specification for the age difference equation. is the age difference between the husband and the wife for husband i in county j who were born in year t.
includes husband's age, age squared, and in one specification education levels of the husband.
The other terms are defined the same as in equation (1).
For both the share equations and the age difference equation, OLS is used since both dependent variables are continuous variables. For statistical inference, we use robust standard errors clustered by counties. Table 1 summarizes the variables separately for the husbands and the wives. Overall, husbands have slightly more total work time and leisure time than the wives, while the wives spend slightly more time on maintenance than husbands do. The average husband is older than the average wife; the average age is 44.55 for the husband and 40.7 for the wife. The average age gap within a marriage couple is 3.78 years. The mating competition among men seems severe, as the average county sex ratio when the husband was 20 years old across the full sample is about 1.12, meaning 112 men would have been competing for only 100 women. About 96 percent of the husbands reports that they worked in the last week, while it is only 49 percent for the wives were employed. As for the time diaries, about 60 percent of them were collected on weekends and 66 percent on a non-rainy day.
Section 5: Empirical Results
5.1: Descriptive Statistics
5.2: OLS Results on Share Equations of Husbands and Wives
The results in Panel A of Table 2 show that the county-level sex ratio when the husband was age 20 has a significantly positive effect on the husband's time share in total work time and a significantly negative effect on his leisure time. Specifically, if the sex ratio increases by one standard deviation (0.1), the husbands' share in total work time will increase by 0.0058 (0.058*0.1), which is about 1% of average total time share. Thus, the quantitative effect is not large, but it is consistent with marriage surplus hypothesis in terms of the direction. It is not surprising that the effect is quantitatively small. Much of time use is proscribed by the structure of the labor market, the structure of the educational system for children's time, social norms about child-raising and cultural norms about gender roles.
We repeated the estimation using the wives' shares and her own demographic characteristics but the sex ratio when her husband was age 20. Panel B of Table 2 shows the wives' results.
The sex ratio of one's husband at age 20 is shown to have a significantly negative effect on the wife's total work time share and a positive but imprecisely measured effect on her leisure time share. The magnitudes of the effects on the wife's share of total time and leisure are quite similar in absolute value to those of the husbands as they should be given that the dependent variables are the shares of total couple time engaged in by each member of the couple. However, no constraints were placed on these coefficients and the estimating equations differ in the X's as the 20 husband's equation uses the husband's age and education, while the wife's equation uses her age and education.
Finally, we note that there are no significant effects on the sex ratio on maintenance time for either husbands or wives a result which is consistent with our hypothesis since we expect very little decision making in maintenance time and no transferring of maintenance time from husband to wife and vice versa.
5.3: OLS Results on Share Equations by Education
The relationship between education and the marriage market is complicated. On the one hand, higher education can be thought of as premarital investment engaged in (in part) to increase one's earning potential and in so doing to make one a preferred marriage partner. If this were the only effect of education on marriage markets, we would expect that those men with higher levels of education would be able to escape to some degree the effect of the sex ratio on their bargaining position. On the other hand, if men with higher education want to marry women with higher education or at least to marry women with higher ability even if this higher ability is not "blessed" with education, then their marriage market is narrower and a high sex ratio may be even more binding on them, leading to the prediction that higher educated men will have less bargaining power.
Yet a third predicted effect of education on marriage works through the relationship between education and hours worked. The data show that less educated husbands usually take jobs that require working longer hours than their college-educated counterparts. In our sample, the average market work time for the less educated husbands is 435 minutes per day, while it is 372 minutes for the college-educated husbands. Although these are ex post marriage market work times, it is reasonable to suspect that the former group would have worked longer hours than the 21 latter group even before they were married given the difference in the institutional structures of their labor markets. Provided that there is a physical upper limit to working hours for average workers, shorter market work time for college-educated men would allow more room for a sex ratio effect. Thus, we would expect the college-educated husbands to experience a larger sex ratio effect on time use shares based on this third effect. Table 3 presents the results of OLS estimated coefficient of the county-level sex ratio on the three aggregated time use shares for couples with college-educated husbands and those with less educated husbands. Two important conclusions emerge from Table 3 . The first is that the sex ratio effect are still positive for total work time and negative for leisure time for husbands in both education categories. For wives the results are again reversed in sign from the husbands, with significant negative effects on total work time and positive effects on leisure time. The second insight from Table 3 is that the magnitudes of the sex ratio effects are substantially larger for the couples with college-educated husbands. The biggest effects are observed for college-educated husbands whose coefficient on total work time share is more than three times larger than it was in general population (Table 2) . Similar large effects are found for college-educated husbands' leisure share. Correspondingly, their wives' share of total work time is also substantially lower than in the general population and their share of leisure time is positively and significantly affected by the relevant sex ratio. These larger effects for the college-educated group provide evidence that education alone does not allow one to escape the effect of a tight marriage market.
If anything, positive assortative mating and the relationship between education and work hours exacerbate the situation. 
5.4: The Effect of the Sex Ration of Age Difference of Husbands and Wives
We argued above that age difference between husband and wife could be expected to be a function of the tightness of the marriage market. In Table 4 we present results of the estimation of equation 2. Column 1 differs from column 2 only in the inclusion of the husband's educational dummies in column 2. The results show that higher sex ratios when the husband was 20 do lead to a larger spousal age difference. Specifically, if the sex ratio increases by one standard deviation (0.1), the spousal age difference is predicted to increase by 0.3764 (3.764*0.1), which is about 10 percent of average age difference.
Controlling for the level of the husband's education as is done in column 2 we find that those husbands with no education (the omitted category) or primary education only have the smallest spousal age gap, while those with education higher than primary school all have approximately three quarters of a year larger of an age gap. Comparing columns 1 and 2 we find that controlling for the husband's education level leaves the county-level sex ratio effect virtually unchanged.
That age differences between spouses are affected by county-level sex ratios is independent evidence of the importance of general marriage market conditions on individuals' choices in marriage. It is also evidence that individuals respond to competition in the marriage market by changing their set of potential partners. Using narrowly defined sex ratios, especially those with fixed age gaps between men and women, will miss some of the effect of sex ratio imbalance on peoples' choices.
Section 6: Robustness Checks
So far we have used the sex ratio for a wide cohort aged 15-49 when the husband was 20 years old. When hundreds of thousands of Mainland Chinese male immigrants flooded into the 23 marriage market after the marriage ban was removed in 1959, many were already in their 30s or 40s. These men had to look for younger wives as most women their own age were already married. The age gap of partners in a first marriage exceeded more than five years by 1970. Table 4 above showed that the age gap grew during this period of the most intense shortage of marriageable women. As such, one may question whether the ratio of men to women in the same age range, specifically 15-49, accurately reflects the actual supply and demand situation in the Taiwanese marriage market. As a robustness check, we repeated the regressions in Table 2 with an alternative sex ratio -the county-level ratio of men aged 20-49 to women 15-44 years old. As shown in Panels A and B of Table 5 , the basic results still hold. The coefficients on the sex ratio for the share of total work time and leisure time are significant for the husbands with opposite signs. The signs are reversed for the wives and the magnitudes of the coefficients are quite similar between husbands and wives. For wives again only the effect of sex ratios on total work share is significant.
In addition, in Table 2 we used the county-level sex ratio when the husband was 20 years old as the marriage market determining sex ratio. Perhaps 20 is a bit young for making marital market relevant decisions. In Panels C and D of Table 5 , we present the results using sex ratios (symmetric in terms of the men's and women's age range as before) when the husband was 23.
Again the results are quite similar to those presented in Table 2 .
Finally, we consider the possibility that while migration to the island was exogenous to the marriage market, internal migration may have been motivated by sex ratios. If men in counties with skewed sex ratios could easily marry women in counties with more normal sex ratios, then the operational sex ratio at the county level would not be a good measure of the actual local marriage market tightness. Such a measurement error could cloud a precise estimation of the true 24 impact. Moreover, as explained above, the county-level sex ratios used are partly imputed. The imputation itself could generate other measurement errors.
To mitigate these endogeneity concerns, we apply an instrument variable approach, originally adopted by Chang and Zhang (2015) , as a robustness check. We know that the degree of sex ratio imbalance was largely associated with the number of Chinese men from the Mainland.
However, we argue that the initial spatial distribution of Mainland Chinese men was exogenous in a sense that it was mainly determined by political or military concerns as most of the Mainland Chinese men were either soldiers or civil servants who were assigned to take most of the military or public posts in Taiwan under Chiang Kai-Shek's ruling (Lin 2002) . We thus use the number of Mainland Chinese at the county level in the 1956 Population Census to measure the initial spatial distribution. Furthermore, since this is the distribution before the marriage ban was lifted in 1959, it is less likely to be influenced by the marriage-driven migration.
The initial distribution may have caused differential impacts on different birth cohorts who entered the marriage market in different years. We thus interact the number of the county Mainland Chinese men (in log form) with the 10-year cohort dummy indicating birth cohorts of [1940] [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] [1949] . The choice of the cohort dummy is guided by the timing of the lifting of the marriage ban and the assumption of age 20 as the age when men begin to think about marriage markets.
We report the first-stage estimation results in Table 6 . The dependent variable is the county sex ratio when the husband was 20 years old. In both regressions for husbands and wives, the interaction of the instrument with the 1940-1949 cohort dummy is positive and statistically significant. This suggests that compared to the other cohorts, the initial distribution of Mainland
Chinese men has a larger and positive effect on the sex ratio for the 1940-1949 cohorts. Table 7 shows the two-stage least square regression (2SLS) estimations. The coefficient for the sex ratio variable is again significant in the share of total work time for husbands and wives.
The coefficient is negative for husband's leisure share and positive for wives though it is only significant for the wives' leisure share. The magnitudes are somewhat larger in absolute value than the OLS estimates in Table 2 . The endogeneity tests have rather large p-values for all but the wives' share of total work, suggesting that the OLS and 2SLS estimates are not statistically different except for this one regression. This lack of significance implies that the aforementioned endogeneity concerns probably do not cause much bias provided that the instruments are valid.
Overall, the 2SLS estimates show that the sex ratio effects are fairly robust to these endogeneity concerns.
Section 7: Conclusion
The sex ratio in the local marriage market is a key variable in the Becker (1973) model and continues to play a similar role in alternative economic models of the marriage market offered by Manser and Brown (1980) and McElroy and Horney (1981) , and by Browning et al (1994) and Chiappori et al (2002) . Sex ratios offer empirical researchers a source of exogenous variation with which to test the basic economic hypothesis that individuals respond in predictable ways to changes in the underlying market conditions surrounding marriage.
Since Becker's (1973) model was first published, scores of empirical papers have been written analyzing the effect of variation in the sex ratio on marriage-related outcomes. The set of marriage-related outcomes is quite large, from marriage rates, age at marriage and age gaps in marriage, to women's labor market behavior, to proxies for relative bargaining power within the household, such as women's outcomes, joint decision making on household consumption, and children's outcomes. We have argued that the share of couple's leisure time and couple's total work time are more direct lens through which to observe the effect of sex ratios on the sharing of the gains from marriage or bargaining power within marriage.
We test the hypotheses that the share of the couple's leisure time enjoyed by the husband (wife) will decrease (increase) and his ( The empirical results show that higher sex ratios increase husbands' share of total work time and reduce their share of leisure time. Similarly, higher sex ratios are shown to lower wives' share of total work time and increase their share of leisure time though the effect for women is often measured less precisely. In addition, the age gap between husbands and wives increased with a higher county-level sex ratio. College-educated men in Taiwan are found to have experienced an even larger sex ratio effect and do a substantially higher share of the total work within the couple than less educated men when faced with the same county-level sex ratio, providing evidence that the sex ratio is more binding in thinner markets or for populations not working near the physical maximum of work hours.
Finally, these sex ratio effects on shares of couple's time were shown to be robust to alternative ways of measuring the county-level sex ratio. IV estimates were also offered which would be appropriate if the county-level fixed effects used in the other models were not sufficient to control for the potential endogeneity of county-level sex ratios with the marriage 27 market. The spatial distribution of the sex ratio of native Taiwanese men in Figure 2 suggests that endogeneity should not be a large concern. The IV results confirm this observation with the insignificance of three out of four endogeneity tests and the qualitative similarity of the results in terms of the signs of the sex ratio effect from the IV model to those from the OLS estimation.
It is humbling for us as humans to recognize that not everything is under our control. Just as birth cohort effects have been shown repeatedly to matter in one's life course, it appears that so too do marriage cohorts. While we can try to change our competitiveness within the marriage marketplace, all participants have equal incentives to do so and thus bidding wars ensue.
Perhaps, in the end, this explains why we have created notions of fairness, to reduce the competition and even the playing field so that one's fortune will be less variable than the sex ratios may be. Dependent variables are shares of either husband's or wife's time to the sum of the couple's time in each time category. Sex ratios are evaluated at county level when the husband was 20 years old. All regressions additionally control for husband's or wife's age and age squared, a full set of husband's or wife's education dummies, a dummy indicating if the respondent was working last week, if the weather was a nonrainy day and the day was a weekend when the time diary was taken, two dummy variables indicating year 1990 and 1994 and a full set of county dummies and 10-year birth cohort dummies. t statistics in parentheses are clustered at county.*, ** and *** indicates significant at 10%, 5% and 1% respectively. (-4.61) (2.11) Notes: Panel A and B use the subsample for husbands whose education is below college and the sample size is 15,770. Panel C and D use the subsample for husbands whose education is college or above and the sample size is 2,364. Sex ratios are evaluated at county level when the husband was 20 years old. All regressions additionally control for husband's or wife's age and age squared, a dummy indicating if the respondent was working last week, if the weather was a non-rainy day and the day was a weekend when the time diary was taken, two dummy variables indicating year 1990 and 1994 and a full set of county dummies and 10-year birth cohort dummies. t statistics in parentheses are clustered at county.*, ** and *** indicates significant at 10%, 5% and 1% respectively. Notes: The dependent variable is age difference between the husband and the wife. Sex ratios are evaluated at county level when the husband was 20 years old. The reference group for husband's education in column (2) is no education. t statistics in parentheses are clustered at county. Both regressions additionally control for husband's age, age squared, two dummy variables indicating year 1990 and 1994, a full set of county dummies and 10-year birth cohort dummies. *, ** and *** indicates significant at 10%, 5% and 1% respectively. (-0.83) (-1.81) (0.13) Notes: Dependent variables are share of either husband's or wife's time to the sum of the couple's time in each time category. Sex ratios for Panels A and B are evaluated at county level when the husband was 20 years old. Sex ratios for Panels C and D are evaluated at county level when the husband was 23 years old. All regressions additionally control for husband's or wife's age and age squared, a dummy indicating if the respondent was working last week, if the weather was a non-rainy day and the day was a weekend when the time diary was taken, two dummy variables indicating year 1990 and 1994 and a full set of county dummies and 10-year birth cohort dummies. t statistics in parentheses are clustered at county.*, ** and *** indicates significant at 10%, 5% and 1% respectively. is sex ratio when the husband was 20 years old. All regressions additionally control for husband's or wife's age and age squared, a full set of husband's or wife's education dummies, a dummy indicating if the respondent was working last week, if the weather was a non-rainy day and the day was a weekend when the time diary was taken, two dummy variables indicating year 1990 and 1994, and a full set of county dummies and 10-year birth cohort dummies. t statistics in parentheses are clustered at county. *, ** and *** indicates significant at 10%, 5% and 1% respectively. Data source: Numbers of Mainland Chinese men are acquired from the 1956 population census. 1121 Notes: dependent variables are ratios of either husband's or wife's time to the sum of the couple's time in each time category. Sex ratios are evaluated at county level when the husband was 20 years old. All regressions additionally control for husband's or wife's age and age squared, a full set of husband's or wife's education dummies, a dummy indicating if the respondent was working last week, if the weather was a nonrainy day and the day was a weekend when the time diary was taken, two dummy variables indicating year 1990 and 1994 and a full set of county dummies and 10-year birth cohort dummies. The instrumental variables are the interactions of the log of Mainland Chinese men and the two cohort dummies. z statistics in parentheses are clustered at county. *, ** and *** indicates significant at 10%, 5% and 1% respectively.
